Objectives: To investigate the use of armspan as a proxy for height in the assessment of nutritional status using body mass index (BMI) for four ethnic groups in Ethiopia. Design: Cross-sectional study. Setting: Four regions in Ethiopia, namely Oromia, Amhara, Tigre and Somali Region. Subjects: A total of 1706 (884 males and 822 females) Ethiopians aged 18 -50 y from four different ethnic groups. Methods: Anthropometric measurements (weight, height and armspan) were obtained using standard techniques. BMI using height (BMI-ht) and using armspan (BMI-as) were calculated, t-tests were used to compare means, and linear regression to investigate the relationship between BMI-ht and BMI-as. Results: Ethnic and sex differences in the relationship between height and armspan, and their derived variables (BMI-ht and BMI-as), were found. Armspan and height (r ¼ 0.83 -0.9), and BMI-ht and BMI-as (r ¼ 0.89 -0.97), were highly correlated in all ethnic groups. BMI-as cut-offs equivalent to the conventional BMI-ht classification of chronic energy deficiency were similar in the Oromo, Amhara and Tigre, but substantially higher in the Somalis. Conclusion: Armspan can be used as a proxy for height to estimate BMI, but the relationship between the two measures varies considerably with ethnicity and sex. Unless sex-and ethnicity-specific cut-offs are applied, the use of BMI-as using conventional cut-offs will overestimate the prevalence of underweight in these populations.
Introduction
Ethiopia ranks as one of the poorest countries in the world, with some geographical areas constantly prone to food insecurity (UNICEF, 1996) . At present, the food security situation is extremely precarious for people who have been affected by displacement as a result of the border dispute with Eritrea or by drought in crop-dependent and livestockdependent areas. The current emergency situation has affected the most vulnerable groups, such as the elderly, who are less able to recover from crises and cannot always use traditional coping mechanisms such as migration to distant areas or consumption of wild foods (HelpAge International, 2000) .
Anthropometric measurements provide simple, non-invasive methods to assess the nutritional status of populations (Food and Agriculture Organization, 1996) . They are fundamental in the determination of the nutritional state of children, but have been used less frequently for the assessment of the nutritional status of adults, since satisfactory reference standards and appropriate cut-off points to distinguish between normal and undernourished adult individuals have been difficult to derive (Shetty & James, 1994; Pieterse, 1999) . Furthermore, accurate anthropometric measurements in older adults might be difficult to obtain because of changes in body composition, posture and mobility, which occur during the ageing process. In many older persons, the use of body mass index (BMI; weight (kg)=height 2 (m 2 )), the conventional index that is used to determine adult nutritional status, is limited by the measurement of height, which is often unreliable (Kwok & Whitelaw, 1991) because of spinal deformities such as kyphosis (curvature of the spine), vertebral compressions in height and alterations in height and shape of the vertebral discs (Wahlqvist & Flint, 1988) . Postural changes such as bowing of the legs and bent knees due to decreased muscle strength might also lead to inaccurate height measurement (Pieterse, 1999) . Furthermore, standard BMI cut-off values may not be appropriate to use in individuals from 70 y and over, because of agerelated changes in body composition and hence their relationship to functional outcome (World Health Organization, 1995) .
A number of studies have demonstrated that other skeletal measurements might be employed as alternatives to height when assessing the nutritional status in older age groups (Bassey, 1986; Kwok & Whitelaw, 1991; Allen, 1989) . The long bone measurement, armspan, has been shown to approximate to height at maturity in Caucasian populations and is relatively independent of ageing (Reeves et al, 1996; Allen, 1989) , suggesting that it may offer an alternative to height in calculating BMI in older populations (Kwok & Whitelaw, 1991) . However, most of the studies that looked at the association between armspan and height have focused on Caucasian subjects, and large ethnic differences in the association have been noted (Reeves et al, 1996) . Equations developed for determining height from armspan in African populations are few and often based on small samples (Chilima & Ismail, 1998) . Furthermore, equations established in the Malawian and Rwandan studies (Chilima, 1998; Pieterse, 1999) may not be appropriate for other African ethnic groups.
The purpose of this study was to examine the differences in the relationship between height and armspan in four ethnic groups in Ethiopia. In addition, the study determined BMI using armspan (BMI-as) cut-off values equivalent to conventional BMI using height (BMI-ht) cut-off values for chronic energy deficiency (Shetty & James, 1994) . These BMI-as cut-off values will be useful in assessing the nutritional status of elderly people in Ethiopia.
Subjects and methods
Cross-sectional surveys were carried out to collect data in April (three regions) and July (one region) 2000. The four ethnic groups studied, namely Oromo, Amhara, Tigre and Somali, make up over 85% of the Ethiopian population. The convenience samples consisted of males and females aged 18 -50 y. The study focused on the relationship between height and armspan, and not on attained height or the prevalence of malnutrition. Since the relationship between height and armspan is not affected by socioeconomic and related factors, no effort was made to obtain random samples or to make the four ethnic samples comparable. In Oromia Region (Jimma), subjects were recruited from urban and rural villages and a Teachers' Training College in Jimma town. In Amhara (Gondar), Tigre (Mekelle) and Somali (Jijiga) Regions, study subjects were recruited from hospitals and included doctors, students, carers, hospital visitors and outpatients. Pregnant women, those who were critically ill or with chronic ailments (such as tuberculosis, diabetes and hypertension) and those with disability (missing limbs) were excluded. For subjects who could not remember their exact age, estimates were made with the help of a local events calendar.
Anthropometry
In all study sites, anthropometric measurements were taken twice, and an average of the two readings was calculated. Body weight was measured using a mechanical scale (Soehnle max 130 kg) and recorded to the nearest 100 g. Subjects were asked to remove footwear, heavy clothes and heavy items from their pockets. Participants' stature was assessed using a Microtoise height measurement (Stanley, Mabo, French Measuring Instrument Service) to the nearest 0.1 cm. To aid straightening the spine, the reading was taken while the subject was inhaling deeply. A 3 m long steel tape measure (Land) was employed for the armspan measurement and the reading was taken to the nearest 0.1 cm. Armspan was measured while the subject was standing erect and looking straight ahead, with the back against the wall to provide support. The arms were outstretched at right angles to the body with palms facing forwards. The measurement was taken from one middle fingertip to the other middle fingertip, with the tape passing in front of the clavicles. Two field workers supported the elbows.
Quality control
All field-workers were trained rigorously by three nutritionists. During the data collection periods, the scales were calibrated and measurements were supervised closely by the investigators. After a pilot study, refresher training was also provided to the field-workers. To minimise intraobserver error, all measurements were obtained in duplicate.
Data handling and analysis
The analysis was carried out using Epi Info version 6 and SPSS=PC þ version 9.0. Microsoft applications (Word and Excel) were also employed. Means and standard deviations were obtained for all anthropometric variables. Body mass index (BMI-ht) based on height was determined in each ethnic group for both sexes, and defined as weight=height (kg=m 2 ). Body mass index (BMI-as) based on armspan was also calculated and defined as weight=armspan 2 (kg=m 2 ). A comparison of means of heights and armspans and BMI-ht and BMI-as within each ethnic group for each sex was carried out using a paired t-test.
To establish the relationship between height and armspan in different ethnic groups, a simple linear regression was used. A linear regression was also employed to derive the relationship between BMI-ht and BMI-as in order to derive BMI-as cut-off points equivalent to conventional BMI cutoffs for chronic energy deficiency. The sensitivity, specificity and positive and negative predictive values were calculated for the derived BMI-as cut-offs.
Ethical issues
The study was approved by the Ethical Committee of the London School of Hygiene and Tropical Medicine and authorities* in the respective Regional States in Ethiopia. Verbal informed consent was obtained from the respondents. Subjects were informed about the purpose of the study, and that participation in the survey was entirely voluntary. Confidentiality was strictly adhered to and identification numbers rather than names were used during the analysis. Tables 1 and 2 give the mean ages, heights, weights, armspans and BMIs of the four ethnic groups. Since the samples were not comparable socioeconomically, no ethnic differences between the means of the measurements are presented.
Results

Anthropometric characteristics
Armspan and height
Armspan approximates height at maturity in Caucasian populations (Allen, 1989) . In this analysis, the mean height was found to be significantly different from the mean armspan in all ethnic groups and in both men and women (P < 0.001 for all paired t-tests; t ¼ 5.8 -28.2). Table 3 shows the mean ratios of armspan to height (armspan=height) for each ethnic group. The ratio is significantly smaller (P < 0.001) in Somali men and women than in their counterparts in the other ethnic groups. In addition, the ratio is significantly higher (P < 0.001) among Oromo males than among Armhara males, and among Oromo females in comparison to all other ethnic groups.
An examination of scatterplots of heights vs armspan revealed linear relationships, hence the linear regression model was deemed appropriate. Sex-specific regression equations for height vs armspan (Table 4) Armspan measurement and nutritional status E de Lucia et al ethnic groups (Table 4) for both sexes and the standard errors were low.
Body mass indices
Paired t-tests indicated that mean BMI based on height (BMIht) was significantly different (P < 0.001; t ¼ 5.4 -28.2) from mean BMI based on armspan (BMI-as) in all ethnic and sex groups. As with height and armspan, there were strong linear relationships between BMI-ht and BMI-as within each sex and ethnic group. Correlation coefficients ranged from 0.89 to 0.97 and were all highly significant (P < 0.001, Table 5 ). Sex-specific regression analyses of BMI-ht vs BMI-as were performed in order to identify BMI-as cut-off values for each ethnic group, which correspond to the three cut-off values of BMI-ht used to classify the grades of chronic energy deficiency (CED; Shetty & James, 1994) . These cut-off points might then be used when armspan must serve as a proxy for height. Table 5 shows the regression equations for BMI-ht vs BMI-as and Table 6 presents the cut-off values.
Using the pooled data set, the sensitivity, specificity, and positive and negative predictive values were calculated for the BMI-as cut-offs given in Table 6 , with the established BMI-ht cut-offs (Shetty & James, 1994) as the 'golden standard.' These are given in Table 7 . The highest sensitivity and positive predictive value were found for the BMI-as cut-offs equivalent to a BMI-ht of 16 kg=m 2 , below which adults are deemed to be severely malnourished.
Discussion
This study demonstrated that Ethiopia contains ethnic groups with not only different concepts of cultural identity but also significant physical differences. These findings are consistent with previous studies which reported differences in anthropometric variables between different ethnic groups (Chumlea et al, 1986; Launer & Harris, 1996; Reeves et al, 1996) .
Different life-styles, socio-economic status, seasonal variations and environmental factors might have caused the differences in some of the subjects' anthropometric characteristics. Interestingly, the greatest differences were observed between the Somali group and all other groups. These marked differences are probably because the Somali are closely related to the Hamitic peoples living within the borders of Ethiopia, whereas highland Ethiopians who speak Amharic (a language related to both Arabic and Hebrew) are classified by ethnologists as Semitic people (Beckwith & Fisher, 1996) . BMI values among Somali males were very low. This may be a result of the current food emergency situation in southeast Ethiopia where the Somali region is located. Another possibility is that certain Somali clans have very long thin limbs normally, and this may lead to low BMI. However, since the samples were not random, no conclusions should be drawn from these data regarding BMI levels.
Height and armspan
Armspan is considered a useful alternative to height, particularly in the elderly, since armspan does not vary significantly with age (Reeves et al, 1996; Kwok & Whitelaw, 1991) . This study demonstrated that armspan measurements exceeded height measurements in all the ethnic groups and in both sexes. Reeves et al, (1996) report a similar finding for other black races. There is a suggestion that the secular trend for longer armspan has been greater than that for height (Kwok & Whitelaw, 1991) . Furthermore, the difference between armspan and height was subject to considerable individual and ethnic variations. The study observed a a BMI-ht cut-offs for chronic energy deficiency, as given in Shetty and James (1994) . Armspan measurement and nutritional status E de Lucia et al strong relationship between armspan and height in all groups as shown in Table 4 . Other studies have found that armspan correlates better with height than do other long bone measurements such as knee height (Kwok & Whitelaw, 1991; Chumlea et al, 1998) . Moreover, it is an inexpensive and simple measurement to obtain in a field setting.
The use of armspan in calculating BMI Significant differences were observed between BMI-as and BMI-ht in all the ethnic groups. Kwok and Whitelaw (1991) found no significant difference between the two indices in a Caucasian population, reflecting the fact that armspan nearly equals height in this ethnic group (Reeves et al, 1996) . If conventional BMI cut-offs for chronic energy deficiency (Shetty & James, 1994) are applied to BMI derived from armspan, some individuals might be classified as underweight inappropriately in non-Caucasian populations. The BMI-as cut-off values in the Oromo, Amhara and Tigre ethnic groups were similar (especially among males), whereas the Somali cut-offs were substantially higher. Kwok and Whitelaw (1991) state that BMI cut-offs based on armspan in a Caucasian population might be more reliable than the general BMI cut-off points derived by Shetty and James (1994) since armspan is not so age-dependent as height.
Stature declines with age, owing to spinal curvatures and compression of vertebral cartileges (Kwok & Whitelaw, 1991) . Thus to estimate true height from armspan in elderly people, it is necessary first to establish the relationship between these two measurements in a younger population of the same ethnicity (Reeves et al, 1996) . This study has achieved this for four ethnic groups which together make up more than 85% of the Ethiopian population. It is therefore possible to use these relationships to estimate height from armspan in older Ethiopians in whom height cannot be measured accurately.
Conclusion
The study has found considerable ethnic variation in the relationship between armspan and height. Our findings can now be used for the development of guidelines for the assessment of the nutritional status of most older adults in Ethiopia. BMI based on armspan can be determined in subjects with conditions limiting their ability to stand straight (eg kyphosis) offering a simple and easy way of assessing nutritional status of older adults. Additional research is needed to determine similar anthropometric differences in other groups, in Africa and in other regions of the world.
